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■fhe   eicacT  conditions  of  heat  treatment  which  will 
insure  tne  maxim\ini  of  cutting  strength  and  life  to  a 
nigh  apeea  tool,  are  a  matter  of  mucn  interest  to  tne 
user  01  the  tool  ana  tna  manufacturer  of  the  tool  stool. 
In  spite  of  tne  liveness  of  tne  topic,  so  far  as  is 
known  to  the  authors  little  accurate  inforraation  is  to 
oe  had  concerning  it.   i^perionce  witn  tiie  various 
steels  on  tne  market,  togetner  with  some  few  researches 
has  pointed  out  certain  temperature  ranges  for  preneat- 
ing  wnicn,  coupled  v/ith  certain  netnods  of  quencning,  pro- 
duce tools  tnat  work  satisfactorily  in  a  lathe,   it  is 
to  be  remembered,  however,  that  a  tool  may  work  satis- 
factorily from  the  operator's  viewpoint  and  yot  tbo  pro- 
ducing, per  dollar  input  to  the  lathe,  less  than  it 
could  be  made  to  produce  by  scientific  neat  treatment. 
Careful  investigation  should  furnish  data  for  deter- 
mining what  heat  treatment  is  host  ih  any  particular 
case,-  out  it  is  tnis  data  which  is  available  for  very 
lev/  of  the  tool  steels  xised  in  this  country. 

■i'he  plan  of  study  originally  outlinad  by  the  authors 
v;as  briefly  as  follows: 

Certain  of  the  better  known  high  speed  steels  wore 
to  be  worked  with  in  an  endeavor  to  learn  what  heat  treat- 
ment would  give  best  results  in  each  ca3e.   opecimens  of 
these  steels  were  to  be  treated  at  various  temperatures 
and  quenched,  and  the  treated  specinens  studied  and  com- 
pared by  means  of  nicrophotography  and  cutting  tests  in 
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a  latiie.   iinalyses  of  the  steals  used  were  to  bo  rnado  to 
learn  the  present  praccice  of  higii  speed  steel  nanufact- 
urers ,  and  in  the  hope  that  some  clew  of  correlation 
between  chemical  composition  and  behavior  of  the  treated 
steels  might  be  developed. 

V/hen  work  on  the  subject  was  be-^un  it  was  decided 
that  the  mode  of  quenching  to  be  used  would  be  by  Cool- 
ing ih  an  air  blast,  since  this  corresponds  to  most 
commercial  practice. 

m  performing  the  analytical  work  difficulties  were 
encountered  which  upset  the  tentative  time  schedule 
laid  out  at  the  start,   it  was  found  necessary  to  narrow 
■Che  limits  of  the  further  work  and  the  cutting  tests 
planned  on  were  therefore  abandoned. 

xhe  work  actually  accomplished  consisted  in  ana- 
lysing, heat  treating  and  obtaining  microphotographs  of 
specimens  of  the  following  chrome  tiuigsten  high  speed 
tool  steels: 

iJrand  Manufacturer         irrico  x>olla:% 

or  ijoaler  per  pound 

itekord  Superior  Jient  cc   oimpjon  .95 

roldi  r.  A.  rrasse  cc   \Jo.       l.uu 

jtJlue  ohip       jsrith-cJterling  ateel  oo.    .75 

jjiOVO  n.  jiokcr  

arc  ^Jessopsj    urerar  Adams  cc  ^o.  .75 

uethlehem       ii.  x.  ivyeraon  .6u 

■£he   authors  wish  to  express  appreciation  for  "nelp- 
ful  supervision  of  rrofossor  n.  Licuorrnack  -^nd  the  sug- 
gestions of  vr.    u.  A.  Tibbals,  and  ixr*   H.  iJ.  Pulsifer. 
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Chemical  Analysis. 
Sampling. 

Samples  for  analysis  were  obtained  by  drilling 
the  annealed  high  speed  tool  steels  with  a  tempered 
carbon  steel  tvjist  drill.  The  pieco  to  be  drilled 
wf.s  surfaced  on  the  grindstone  until  free  of  oxide 
and  paint  and  the  drilling  was  then  accomplished 
without  the  use  of  Idbricant  of  any  kind. 

All  the  steels  with  the  exception  of  Record  were 
received  from  the  manufacturer  or.  dealer  in  annealed 
bars.  Attempts  to  anneal  pieces  of  Kekord  by  heating 
white  hot  in  a  forge  and  cooling  in  a  lime  box,  and 
by  heating  at  various  temperatures  from  8OO0  C.  to 
1200  C.  in  a  muffle  and  allowing  to  cool  in  the 
muffle  failed.  Success  was  finally  had  by  packing 
the  steel  in  liine  in  an  iron  bomb,  packing  this  in 
lime  within  a  second  iron  bomb,  >!e«ti..5  to  about  1200 
C.  and  allowing  the  whole  to  cool  off  with  the  furnace. 

Methods. 

Below  are  given  the  analytical  methods  used,  to- 
gether with  cocLTients  on  difficulties  encountered. 

Silica. 

A  two  gram  sample  is  decomposed  v.'ith  thirty  cc 
of  aqua  re^ia,  taken  dry  on  the  hot  plate  and  baked 
for  one  hour  at  110  C.  The  baked  mass  is  taken  up 
in  hydrochloric  acid  and  the  inf^oluble  matter  filtered 
off,  and  washed  free  from  iron  with  vmrm  dilute  hydro- 
chloric (1:2) .  The  tungstic  and 
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silicic  Qcids  remaining;  on  the  paper  are  washed  t-.vice 
with  warm  water  and  the  tung-stic  acid  dissolved  from 
the  paper  with  warm  concentrated  ammonia.  The  paper 
and  residue  are  ignited  in  a  platinum  crucible  and 
weighed.  Ten  cc  of  hydrofluoric  acid  and  two  drops 
of  sulphuric  acid  are  added  and  the  ignited  material 
is  evaporated  dry  on  the  hot  plate,  reignited  and  re- 
weighed.  The  loss  in  weight  is  recorded  as  silica. 

It  may  be  objected  that  the  treatment  with  am.nonia 
dissolves  s-ome  silica  in  addition  to  the  tungstic  acid, 
but  the  thorough  baking  and  relatively  small  quantity 
of  silica  present  in  the  samples  v/orked  with  is  believed 
to  obviate  this  criticism. 

Tungsten. 

One  half  gram  of  the  sample  is  decoiaposed  on  the 
hot  plite  ".vith  20  cc  of  aqua  regia  and  evaporation  con- 
tinued until  the  material  is  just  moist.  Five  cc  of 
nitric  acid  is  added,  evaporation  on  the  hot  plate  con- 
tinued to  syrupy  consistency  and  'he  beaker  transferred 
to  the  water  bath.  The  materiel  is  taken  dry  and  dehydrat- 
ed on  the  wrter  ba'h  for  four  to  five  hoars.  The  masr  is 
moistened  with  nitric  acid  and  warmed  on  the  7;ater  bath, 
enough  water  is  adcled  to  dilute  the  nitric  to  about  1:3 
and  the  residue  is  filtered  of-P  ar.d  washed  free  of  iron 
with  nitric  acid  (1:3).  The  filtrate  and  washings  are 
set  aside  for  use  in  determining  chromium.  The  material 
on  the  filter  paper  is  -vachei  once  or  t-ice  with  hot 
water  and  the  tungstic  acid  Ip  then  dlsolved  from  the 

paper  with  warm  amrnoniem  hydroxide.  The  filtrate  is 
caught  in  a  tared  platinum  dish  and  evaporated  almost 
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dry  on  the  sand  "bath.  Nitric  acid  is  added  in  slight 
excess  and  the  evaporation  continued  'o  dryness.  Sub- 
sequent ignition  (preferably  in  a  muf:le)  c^'^^^^   by 
gain  in  weight,  the  tungstic  oxide  corresponding  to  the 
tiingsten  content  of  the  steol. 

The  above  method  was  decided  on  at  ".he  suggestion 
of  Dr.  C.  A.  TibbalE,  after  the  method  outlined  below 
had  been  found  to  give  low  results. 

Two  grams  of  the  sample  was  treated  with  aqua  regia, 
the  hydrochloric  was  replaced  by  nitric  and  the  mass 
was  baked  on  a  hot  plate.  The  bnkel  material  was  taken 
up  in  nitric  acid,  the  insoluble  matter  filtered  off, 
washed  free  of  iron  and  diseolved  back  into  the  original 
beaker  with  ammonium  hydroxide.  The  solution  was  fil- 
tered (to  get  rid  of  silica)  and  the  tungsten  repre>-i))ita- 
ted  by  acidifying  with  nitric  acid.  The  precipitate  was 
filtered  off,  ignited  in  platinum  snd  weighed  as  tragstic 

oxide. 

This  method  was  tried  out  on  B.  S.  chrome-tungsten 
steel  number  31  and  gave  results  several  per  cent  low (ap- 
proximately ffo   low  on  a  steel  containing  19]o   of  tungsten). 
The  large  er  or  was  due  to  difficulty  in  reprecipitating 
the  tungstic  acid  from  ammonia  solution  from  a  bulk  of 
about  300  to  -.00  cc.  (It  was  noted  here  that  the  precip- 
itate was  generally  very  white,  indicating  a  high  degree 
of  hydration).  By  evaporating  the  ammonium  filtrate  al- 
most dry  on  the  water  bath  and  then  acidifying,  far  better 
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results  were  obtained  by  Dr.  Tibbals  in  attempting-  to 
check  the  authors,  but  the  filtrate  after  the  acidi- 
fication still  contained  p.  very  appreciable  quantity 
of  tungsten,  hence  the  method  first  given  war  adopted, 
the  sample  being  cut  from  two  grams  to  one  half  gram. 
The  dehydration  is  carried  out  on  the  water  bath  rather 
than  the  hot  plate  in  order  that  chromium,  which  is  deter- 
mined on  the  same  sample  be  not  rendered  insoluble. 

Chromium. 
The  filtrate  from  the  tungstic  and  rilicic  acids 
is  evaporated  nearly  dry,  20  cc  of  nitric  acid  and 
two  grams  of  potassium  chlorate  are  added  and  the  solu- 
tion boiled  for  ten  minutes.  Ten  cc  of  nitric  acid  and 
one  gram  of  potassium  chlorate  are  added  and  the  solu- 
tion boiled  again  for  ten  minutes.  The  chromiura  is  now 
completely  oxidized  to  chromate.  The  solution  is  di- 
luted so"iewhat,  allowed  to  cool,  and  neutralized  with 
ammonium  hydroxide.  The  solution  is  filtered  from  the 
iron  hydroxide  and  warhed  with  warm  r/ater.  The  iron 
hydroxide  is  redissolved  into  the  original  beaker  with 
warm  hydrochloric  acid  (1:1),  reprecipitated  and  washed, 
the  reprecipitation  and  washing  being  continued  until  the 
iron  precipitate  is  free  of  chrondum.  (Three  to  four 
precipitations  are  necessary),  The  filtrate  and  washings 
are  acidified  with  acetic  acid  and  lead  acetrate 
is  added  in  excess.  The  precipitate  is  allowed  to  settle, 
filtered  off  and  washed  a  fe-.v  -.iraos  with  water  anri  -"iir- 
solved  Into  the  original  beaker  with  hydrochloric  acid, 
(1:1) 
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The   solution   is  made   up  t o  about  400   oc,    20   cc   of  a  fifteen 
per   cent   potassiTjra   iodide    solution  are   added   and    titration 
is   carried   out   against   tenth  or   twentieth  norrnr-l   sodinn: 
thiopnlphnte   PoTntion  with   starch  as   the    indicator. 

The   above   method   gave   sfi  tisJ(actory  results  and  was 
successfully  checked  by  Dr.    Tibbals  on  the    one    sample 
run  by  him   simultaneously  with  his  '.vork  on  the   tungsten. 
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lilanganese. 

Manganese  was  determined  Dy  a  slight  mod ifi cat ion 
of  the  Ji'ord  nilliaias  method  \B,    3.  circular  no.  14). 

Two  grams  of  steel  are  decomposed  with  '^v   cc  of 
aqua  regia  and  talren  very  nearly  dry  on  the  hot  piate. 
Uitrie  acid  is  added  and  evaporation  continued  for  a 
few  cc  to  replace  hydrochloric.  Ilitric  acid  isp.  gr. 
1.2)  is  added  and  the  insoluble  matter  fiiterea  off  ana 
washed  with  nitric  acid  xxxx  (1:3).   The  solution  is 
evaporated  to  a  rew  cc,  '60   cc  of  concentrated  nitric 
acid  and  2  gra:.is  of  potassium  chlorate  are  added  and  it 
is  Doiled  for  ten  minutes.   'I'en  cc  of  nitric  acid  ^no 
one  gran  of  potassiuia  chlorate  are  added  and  the  boiling 
is  continued  for  ten  minutes.  The  precipitate  is 
filtered  on  asbestos,  washed  tv;o  or  three  times  with 
strong  nitric  acid  and  then  with  water.   The  asbestos 
pad  is  transferred  to  a  flask,  shaken  up  with  excess 
standard  ferrous  sufiphate  solution  until  the  manganese 
dioxide  is  dissolved,  and  tne  excess  of  ferrous  sul- 
phate is  titrated  with  potassium  permanganate. 

ITlckel. 

One  gram  of  steel  is  dissolved  in  25  cc  of 
hydrochloric  acid  i  sp.  e;T»    1.15;.   The  solution  is 
filtered  and  the  residue  washed  with  hot  water.   One 


gram  of  tartaric  acid  is  added  to  the  filtrate  which  is 
heated  tc  CO  o.  Sufficient  dir.ethylglyoxime  solution 
containing  2.5  grams  in  22u  cc  of  90r^  alcohol,  is 
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added  to  precipitate  tho  niclcel  present.  (  I70  nickel  re- 
quires twenty  cc  or'  the  n;iyoxime  solution/.  The  solution 
is  made  very  faintly  alicaiine  v/ith  ammonia,  tae  nickol 
coining  aovm  as  a  scarlet  I'locculent  precipitate,  which 

is  filtered  on  a  gooch  crucible,  washed  v;ell  with  hot 

0 
water,  dried  at  luO  U.  and  weighed,  the  weight  obtained 

Doing  converted  to  nickel  by  use  of  the  factor  .2051. 

(IJiOg  Hi4  W4  Oil  X.2031  equals  ui.  ) 

ciulphur. 
(  JSvolution  xjethod.  ) 

Five  grams  of  sample  are  dissolved  in  6u  cc  of 
hydrochloric  acid  in  a  5u0  cc  erlenmeyer  flaak  fitted 
with  a  dropping  fun. .el  and  connected  to  an  absorption 
flask  containing  a  luO'/o   solution  of  sodium  hydroxide. 
The  acid  is  run  in  quickly  from  the  dropping  funnel  and 
tne  solution  is  boiled  lor  fifteen  minutes.   The  contents 
of  the  absorption  flask  are  transferred  to  a  beaker,  di- 
lutoa  to  luO  cc,  cooled  and  made  acid  with  hydrochloric. 
Titration  of  tne  hydrogen  sulphide  pr33ent  is  made 
against  twentieth  normal  iodine  solution. 

rhosphorus. 

Phosphorus  is  aeterminod  alkalimetrically  modifying 
the  usual  method  accoruing  to  the  suggestions  of  Oain 
and  u?ucker  (  ±s.  a.  technologic  Paper  Ho*  24)  to  avoid 
errors  aue  to  the  presence  of  vanadium.  i.ater  it  was 
found  by  qualitative  tests  that  no  vanadium  was  present 
in  the  steels  v;orked  with. 
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i'wo  grams  o±'  ateel  are  dissolvecL  in  aqua  regia  and 

evaporated  nearly  dry,  then  takon  up  in  rivo  cc  Ox  nitric 

acid  and  run  nearly  dry  again  to  replace  hydrochloric . 

j:Jitric  acid  vsp.  gr.  1.135j  and  ten  cc  oi'  potasaiuni 

permanganate  solution  (fifteen  grans  per  1.4  are  added 

and  the  sollution  boiled,   oodium  tliiosulphate  soiu-cion 

is  added  to  dissolve  manganese  dioxide  and  the  solution 

Doiled  and  filtered*   xhe  tiltrate  is  cooled  to  firtoen 

to  tv/enty  degrees  0.  and  five  cc  of  saturated  ferrous 

sulphate  solution  and  two  or  three  drops  of  concentrated 

suiphur^'^aeid  are  added,  •^•orty  cc  of  ammoni'um  moiyodate 

solution  are  added  and  the  solution  shaken  for  fifteen 

minutes  at  aoout  'dv^   C.   xne  precipitate  is  filtered 

and  washed  with  ip   nitric  acid,  followed  by  I'/o   potassium 

nitrate  solution,  until  the  washings  are  no  longer 

alkaline,   rne  precipitate  is  tnen  dissolved  in  excess 

standard  sodium  hydroxide  solution  and  tne  excess 

Hydroxide  titrated  back  \;itn  standard  nitric  acid,  using 

phenolphtalein  as  indicator,   xhe  sodium  hydroxide  is 

standardized  against  prepared  ammonium  phosphomolybdate. 

I'otal  <jarbon 
iiilrect  v-ombustion) 

The  electric  combustion  furnace  shown  in  photograph 

nximber  one  is  neatod  to  above  95u  u  and  oxygen  is  run 

through  tne  apparatus  to  displace  the  air*   x^ne  oxy.^en 

passes  tnru  potassium  hydroxide  solution  and  over  stic^ 

potassium  nyaroxide  and  then  thru  tne  furnace,   xne  pro- 
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ducts  ot   combustion  pass  tnru  two  u  tuooa  containing 
respectively,  granulatea  zinc  ana  calcium  chloride  ana 
unen  tnru  a  weisler  aosorption  bulb*   ^ne  liquid  and 
solid  potassium. hydroxide  free  the  oxygen  from  carbon 
aioxiae  ana  water.   I'ne  granulated  zinc  removes  acid 
and  sillphur  fumes  from  the  gasses  of  combustion  which 
are  dried  by  the  calcium  chloride  and  give  up  their  car- 
bon dioxide  to  the  bvjo   potassiiim  hydroxide  solution  in 
the  vieisler  bulb. 

rwo  grams  of  drillings  are  placed  in  an  alundum 
boat  which  is  pushed  quickly  to  the  center  of  the  silica 
tube  of  the  furnace  ithe  latter  being^/*   Oxygen  is 
passing  at  the  start  at  a  fairly  rapid  rate  and  is  con- 
trolled so  that  bubbles  are  continually  passing  thru 
the  Geisler  bulb  during  the  run.   xTie  run  is  continued 
for  15  minutes.   ±"he  increase  in  weight  of  the  ueisler 
Dulb,  which  has  been  previously  weitvhed  full  of  oxygen 
under  atmospheric  pressure,  and  v/hich  is  again  wei-jhed 
under  the  same  conditions,  gives  the  weight  of  carbon 
dioxide  corresponding  to  the  carbon  content  of  the  sample. 

Vanadium  and  i/iolybdenum 
i qualitative; 
Qualitative  tests  for  vanadixm  and  molybdenum  re- 
vealed the  absence  of  these  elements  in  all  cases-   She 
following  method  is  adapted  from  that  used  by  iiillebranJ 
to  detect  vanadium  in  rocks  (xreadwell-Jtiall  Volxime  1,  J^age 
489/. 
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A  sample  of  about  1  gram  of  the  steel  ia  deconiposGcL 
with  aqua  regia,  evaporated  the  saall  volumo,  diluted 
and  made  alkaline  with  anuoniun  hydroxide,   xho  percipi- 
tate  is  filtered  off,  dried  and  fused  in  platinum  or 
porcelain,  with  lu  grams  of  soaium  caroonato  land  2  .i^rams 
of  aodima  nitrate.   Pusion  is  leached  witn  hot  water 
and  a  little  alcohol  is  added  to  reduce  the  manganate 
formed.   The  soiu-cion  may  contain  phosphorous,  chroniujn, 
vanadium,  molybdenum  and  tungsten.   It  is  nearly  neutra- 
lised with  nitric  acid  and  evaporated  nearly  dry,  taken 
up  in  water  and  filtered.   A  few  cc  of  morcurous  nitrate 
are  added  to  tne  filtrate.  Ilercurous,  phosphate,  ciiromate, 
vanadate,  molyoaate  and  tungstate  may  pe-srcipitate.   The 
solution  is  Doiled  ana  filterea  and  tne  precipitate  is 
driea,  ignited  in  platinum  and  fused  v/ith  a  little  sodium 
carbonate,   ihe  fusion  is  lo..cned  with  water  and 
acidified  with  sulphuric  acid.   iiydrOj7;Bn  sulphide  is 
passed,   a  brown  precipitate  soluble  in  ammonium  sul- 
pnide,.and  reprecipitated  by  tne  addition  of  acids,  13 
molybdenum  trisulphide  ana  proves  tne  presence  of 
molybden-om.   Any  precipitate  causod  by  the  hydrogen 
sulpnide  is  rilterod  orf  ana  tne  excess  hydrogen  sul- 
phide removed  by  boiling  while  a  s-uream  of  carbon  di- 
oxide is  passed  tnru  the  solution*   The  solution  is 
evaporated  to  dryness  and  the  excess  of  sulpnuric  acid  is 
removed  by  neatiag  in  an  air  batn.   Ti;e  residue  is 
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dissolvea  in  the  fow  cc  of  V7ater  and  analcen  witn  a 
few  drops  of  hydrogen  peroxide.   The  appearance  of  a 
brownish  yellow  color  shows  the  presence  of  vanadium. 


01 
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ANALYTICAL  RESULTS 


Silica 

Rekord 
.18?^ 

Poldi 

Bethlehe 

.28^ 

m  Arc 
.135^ 

Blue 
Chip 

.18^0 

Novo 
.485^ 

Manganese 

.06 

nil 

.427 

.065 

.276 

.290 

Phosphorus 

.01 

.029 

.058 

.016 

.052 

.033 

'■i\ingsten 

12.69 

17.56 

17.88 

12,99 

15 .  63 

16.82 

Chromium 

2.55 

2.35 

2.54 

5.90 

2.48 

1.50 

Sujjphur 

.003 

.009 

.011 

.025 

.008 

.015 

Carbon 

.56 

.68 

.52 

.46 

.70 

.60 

Nickel 

nil 

nil 

nil 

nil 

nil 

nil 

Vanetiliuin 

nil 

nil 

nil 

nil 

nil 

nil 

Molybdenum 

nil 

nil 

nil 

nil 

nil 

nil  ■ 
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Specimens 

The  steels  wero  cutinto  lenpthn  of  five  in- 
chee  and  numbered  by  a  steel  punch  (see  guide  in 
appendix)  to  furnish  the  specimens  for  hent  treat- 
ment . 

Apparatus 

An  electric   mu  'fie   furnace  was  available   rrhich 
ansv/ered  the   requirements   of  uniform  temperature 
throughout  the   heating  space   and   easy  temperature 
control  by  the    apparatus.    This  was  used   for    the 
heat   treatment.    It  was   a  Hoskins  electric   furnace 
type   F.    0.    shown   in  photograph  No.    2.    This  furnace 
was   sot  well  up    from   the    floor  and  gjell  hent    insula- 
ted.   The   heating  occurs   from  two    sides   and  the    top. 
The    control    switch  board    is   shown  a    short   distance 
back   fro;'!  the   furnace. 

It   has  been  mentioned   that    cooling  in  an  air 
blast  was  decided   on   as  the   mode   of   quenching  to 
be  amployed.   Pipe  was   run  out   from  an  air   line   to 
about   three    feet   in   front   of  the    furnace,   then 
down  to  the   floor,   and   finally  about   20   inches 
of  3-inch  pipe  was   connected  up  vertically  to 
serve   as  a   cooli:.g  chnmber.    The  arrangement   is 
shovm  in  photograph  No.    3,   which  also    shows   how 
it  was  placed  relative   to    the    furnace.    As  the 
air   entered   the    cooling   chamber    from  the   bottom 
thru  a  half-inch   pipe    it   vms   nc  L    thought   adviraLie 
to  allow    the    Bpecimen  to    vent   on  thu    bottoiii  >-»i  the 
cooling   chamber,    iiuc'a  a  course  would   probably  hiivc 


rlrifirm   log*??   f^  X"^   tritednun   bi^p.   nerfo 

C'lxr.tBierfn'**  ya&e    firm   ar,  .rii^tBe' 

V 

■J.<-?\V    SCfX'.      .  '  :■. 

ssrfoni   02   Jiioda  \  r   £ina   .looll   arid-  Qt 

lanJttinv  tosnnoo   air/:  ocfia   riorr.i;-?!  "ic 

.tnajKognja'xiri    ■     '    .  .    .'^    / 

.    ;I  ifq^naoctorl  riworis 

fli^i/Oi  •oni-': 

•)fJt:     S'fl.J'     Vf^Oi 


(  ■    I 


Photo- 
graph 
No.  2 


Photograph  No, 3 
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produced  unequal  cooling  due  to  the  air  jet 
not  expanding:  inmediately  to  fill  the  3-in.pipe. 
A  basket  of  v,'ire  {ruaze  TTtie    therefore  trlung  in- 
side the  pipe  to  arrest  the  specimen  about  8  in- 
ches from  the  bottom. 

Temperatures  were  mensured  with  a  Zeiser  & 
Schmidt  (Berlin)  platinum  rhodium  couple  py- 
rometer, with  bare  knuckle.  The  pyrometer  ends 
were  put  thru  the  back  wall  of  the  furnace  pro- 
jecting about  halfway  into  the  nuffle.^  space. 

Method. 

0  o 

A  temperature  range  of  300  C.  to  1300  C 

waf  decided  on  as  embracing  all  the  possible 

desirable  temperatures.  Specimens  of  each  of  the 

steels  were  therefore  treated  at  'J20°C.,  900°C., 

1040°C.,  IIOOOC,  1160°C.,  1210°C.,  and  l::80°  C. 

Twelve  specimens  were  placed  on  the  floor  of 
the  muffle  at  once  and  as  the  temperature  rose  to 
the  first  desired  point  it  was  held  there  for 
10  minutes,  then  the  air  blast  was  turned  on  and 
one  specimen  nf  each  steel  was  quickly  seized  and 
dropped  into  the  cooling  chamber.  The  temperature 
was  then  raised  to  the  ne::t  designated  point  and 
held  there  the  same  Innr-th  of  time  prior  to<jM«i»ch- 
ing  as  before.  The  praceedure  was  repeated  until 
all  these  steels  hnd  been  treated  at  all  the  de- 
signated temperatures. 

The  ends  of  the  heat  treated  specitaenF  not 
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14 
toauhcd  Ly  inc   tongs  were   broken  off  at  lengths 
of  about    one   and    a  half    to   two   and   a  half   inches 
and   these   lengthp  were    set   aside    for    the  metallogra- 
phic  work. 

The   atmosphere   of  the   muffle  was  appronuhifaately 
neutral,   because   of   the   carbon  lining,    so   that   ex- 
cecsive    oxidation   of    the   specimens  did  not   occur. 
This  fact   and  the   precautions   observed   are  believed 
to  h5,v«   renfi'.ered   the   pr«ceedure    of  heat    treatment 
described   above    free   from  material  objection. 

Metallography 

The  heat    treated   specimens   including  pieces 
of  each   of  the    steels  in  \  he   r.nnealed   condition, 
were  polished,    etched,    and  photographed  undef  a 
farily  high  magnification. 

Polishing 

The  polishing  apparatus  used  was  a  Sauver 
vertical  outfit.  All   polishing  on  the  Sauver  out- 
fit is  done  on  the  flat  side  of  plates  mounted  on 
a  horizontal  shaft.  The  plates  include  a  grindstone 
and  cast  iron  plates  on  wh' ch  may  be  stretched  oan- 
vaps  or  soft  buffing  cloth. 

The  specimens  were  ground  to  r.  flat  surface 
on  the  grindstone,  or,  in  some  cases,  on  a  piece 
of  eagry  cloth  fastened  to  a  flat  plate  in  a  high 
speed  lathe.  The  flat  surfr. oe  v/as  then  finished, 
in  turn,  on  '.vet  enery  paste,  on  canvas,  wet  "fri- 
poli  paste  on  canvaes  and  rouge  on  buffing  cloth* 
The  policing  was  carried  out  until  no  scratches 


were   visible   under   500  dismeter  n*ipriif  j  cntior. 

Etching. 

The  follov/.inp  methods  of  etching  were  tried 
on  the  high  speed  steel* 

Timed  imersions  from  five  to  ten  -^ilnutes  in 
a  2^  solution  of  picric  f?cid  and  95fo   alcohol,  fol- 
lowed h  y  quick  washing  and  drying. 

Timed  irmersions  from  five  to  ten  -ninutes  in 
the  same  picric  ficid  solution  followed  hy  one  second 
immersion  in  lOfo   nitric  acid  in  vrater,  followed  by 
quick  v/arhing  and  drying. 

Immersions  of  two  to  fifteen  seconds  in  con- 
centrated sulphurous  acid  followed  by  quick  wash- 
ings under  running  water  dipping  in  alcohol  and 
drying. 

The  picric  acid  etching  gave  fair  results, 
but  the  mlphurous  acid  method  was  fdr  shorter 
and  equally  satisfactory.  The  etching  method 
adopted  con.^isted  in  dipping  the  specimen  in 
sulphurous  acid,  v/ashing  in  running  water,  dip- 
ping in  alcohol  and  drying  with  soft  cotton.  The 
specimen  was  then  ex?imined  under  the  magnification 
to  be  used  later  in  photograph!  ng  and  if  more  et- 
ching seemed  depirable,  a  second  or  r>    th.rd  short 
treatment  with  E-'xLphurous  acid  was  emplo^/ed.  'hen 
the  surfnce  oxidized  badly  as  a  rerult  of  the 
etching,  the  oxide  film  was  removed  by  rubbing  on 
electro-silicon  on  a  chamois  pkin. 


Photorraph  No, 4 
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Mierophotofraphy. 

A  larpe  metallurgical  camera  mnnufactured  by  7.. 
Leitz,  of  ""etzlar,  was  available  for  the  photograph- 
io  work.  Photograpa  No.  4  shows  this  camera,  which 
includes  an  arc  light,  object  stage,  microscope  and 
camera  bello'.vp,  placed  on  a  bod  '.vhich  is  t:lung  on 
spring's  in  siich  a  mrnner  that  any  slight  motion  com- 
municated to  the  apparatus  does  not  disturb  the  rela- 
tive position  of  the  parts.  An  equipment  of  lenses  allow* 
a  great  variety  of  v/ork  with  this  camera.  Its  operation 
requires  close  familarity  with  the  various  adjustments, 
as  these  are  many  and  must  be  correct  to  obtain  good 
results. 

All  the  photographs  were  taken  at  a  magnification 
of  500  diameters.  The  etched  specimen  was  placed  on  the 
object  stage,  brought  into  sharp  focur. ,  find  exposed  for 
two  and  a  quarter  to  tvro   and  a  half  minutes  (deper.ding 
on  the  surface)  with  a  small  opening  in  the  diaphragm 
regulating  the  lighi  siipplied  and  a  green  glass  screen 
interposed  as  a  ray  filter. 

Five  inch  by  ceYm    inch  photographic  plates  (Im- 
perial S.  S.,,Fupplied  by  Genrert)  were  used.  These 
were  developed  with  metol  vsolution  and  prints  were 
taken  on  hard  finish  special  contrasty  paper. 

The  prints  contained  are  included  in  'he  -following 
pages. 
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Interpretation  of  iteaulta  and  uoncluJiona, 
To  give  tiie  best  reoults  as  a  cutting  tool,  iiign 
speea  Suoei  nmst  poaseas,  in  aaaition  to  hardness, 
enougn  tougnneos  ana  resilience  "co  witnaxana  a  certain 
degree  oi.   snocK.   In  the  present  case  v.iiere  tne  ax  tempt 
is  to  determine  toughness,  or  brittloness  and  hardness, 
from  micropnotographs  showing  the  structure  of  tne  steel, 
es;;aDxi3ned  standaras  are  necessary- to  permit  deiinite 
staxements.   un  carbon  steels  ana  irons,  enougn  wor^ 
nas  been  done  to  make  it  possible  to  pass  accurate 
judgment  on  a  specimen  D-j   obtaining  a  good  inicrophoto- 
graph  of  iu.   In  tne  case  of  the  chrome  "cungstcn  steels, 
this  does  no-c  hold  xrue.   work  ims  been  done  out  it 
is  not  sufficient. 

The  prints  on  tne  preceding  pages  can  be  commented 
on  only  by  inference  from  what  is  loiov^i  definitely  re- 
garding sucn  materials  as  carbon  steels  and  from  a 
small  amoUiiT;  of  direct  knowledge  concerning  iiign  speed 
steel. 

It  is  probable  that  in  the  high  speed  steels  as 
elsewhere,  coarse  structure  is  an  indication  of  a 
tandency  toward  brittleness.  I'his  is  borne  ou-d  by  tao 
Observation  that  those  specimens  showing  particularly 
coarse  structures  broke  readily  under  the  hammer-   >-on- 
versely,  it  is  probably  true  that  fine  homogenous  struct- 
ures indicate  that  the  specimen  will  standsshock.  Also 
a  marked  cellular  structure  in  a  cnrone  tungsten  steel 
is  interpreted  as  indic:j.ting  the  presence  of  a  double 
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carDide  oi  ctingsten  wiiicn  lends  hardness  to  tne  specimen. 

Koferring  to  the  rnicrophotographic  prints  oi'  rolai, 
it  is  seen  tnat  the  annealed  specimen  shows  ifairly  large 
crystals,  in  a  striated  and  rather  non-homogenous  field. 
At  920  degrees,  this  original  structure  has  broiren  up, 
resulting  in  smaller  crystals  set  in  a  fairly  homogenous 
field,  i'rom  9£0  degrees  to  1040  dej^roes,  there  seems 
to  be  a  steady  growth  in  the  size  of  the  crystals  and 
and  an  increase  in  the  degree  of  separation  between  thern  - 
"Che  compound  crystals  are  segregated  more  distinctly 
from  the  xerrilte  matrix.   At  lloO  degrees  a  bandea 
homogenous  structure  rather  coarse  crystalline,  appears 
ana  at  116u  degrees  the  band  maricings  have  almost  dis- 
appeared, the  crystals  have  grown  smaller  and  cellular 
grains  appear.   At  121u  degrees,  grain  markings  are  dis- 
appearing and  the  crystals  have  elongated,  v;hile  at 
128u  degrees,  a  coarse  non-homogenoiis  structure  appears. 

Betv/een  lluO  degrees  and  1160  degrees  we  pass  from 
a  typically  banded  structure  to  a  homogenous  close  cellular 
grain  structure  .   On  the  assumption  that  the  cellular 
structure  indicates  hardness  (  see  above  )  the  best 
temperature  for  this  steel  may  be  supposed  to  be  be- 
tween 1100  and  1160  degrees,  the  cells  having  grown 
somewhat  larger  than  is  supposed  desirable  at  the  latter 
temperature. 

The  aionealed  specimen  of  Arc  shows  a  non-homogenous 
field  of  moderate  sized  crystals,  and  a  striated 
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structure,  which  has  not  completely  broken  up  at  92u 
degrees,  though  the  crystals  have  decreased  in  size. 
At  98u  degrees  a  rearrangement  into  coarser  crystals 
appears,  showing  non-homogenous  areas  ate  a  remnant  of 
"Che  striated  structure.   At  lu4u  degrees,  smaller  crystals 
appear  in  a  more  homogenous  tfield  ana  at  lluO  degrees 
the  field  is  quite  homogenous.   At  116u  degrees  largo 
cellular  grains  are  marked  in  a  still  homogenous  iffiela 
irom  which  crystalline  structure  has  largely  disappeared. 
A  rearrangement  is  noted  at  1210  degrees,  resulting 
in  a  field  showing  non-homogenous  areas  and  a  loss  of 
the  cellular  markings,  which  appear  once  more  as  the 
outline  of  large  sized  grains  in  an  extremely  non- 
homogenous  fiela  at  1280  degrees. 

J!*rom  the  trend  of  this  series  of  prints,  4t  3eem.s 
liicely  that  at  slightly  above  lluu  degrees,  a  structure 
possessing  the  characteristics  of  homogeneity  with  fine 
crystalline  structure  and  yet  marked  by  close  cellular 
grains  would  be  obtained,   -^'ne  best  temperature,  in 
this  case,  seems  therefore,  in  that  vicinity. 

ijethelehem  seems  to  lose  the  badded  structure  of  the 
annealed  specimen  when  treated  at  920  degrees,  but  re- 
tains the  original  non-homogeneity  and  shows  large 
crystals.  At  98o  degrees,  the  crystals  are  rear- 
range* aiad  segregated  to  sharper  separation  from  the 
ferrite  matrix  and  a  return  to  the  banded  structure  is 
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noted,  and  at  lu4u  degrees  the  crystals  liave  elongated 
and  growwin  ai^d,  but  the  I'iold  is  I'uirly  uniform.   JProm 
lu4u  to  121u,  a  progressive  decrease  in  the  size  of  the 
crystals  is  noted  with  the  result  that  at  121u  degrees, 
T7e  have  a  very  fine  hOLiogenous  crystalline  otructuro.   At 
128u  degrees,  a  coarse  cellular  structure  is  plainly 
snown  -  proDaoiy  indicating  a  very  hard,  yet  brittle 
specimen. 

The  fine  homogenous  field  at  ISlu  degrees  and  the  large 
grains  at  lC8u  degrees  lead  to  the  opinion  that  sligntly 
above  l21u  degrees  may  be  desiginuted  as  the  temperature 
that  would  produce  the  best  results  with  isethlehem- 

The  slightly  banded  non-homogenous  field  shown  ^-^ 
annealea  tjovo  does  not  show  complete  rearrangement  u.itil 
ySO  degrees  is  reiiched.  Here  vre  have  moderate  sized 
crystals  in  a  homogenous  field.  At  1040  degrees  there 
is  noted  a  second  complete  rearrangement  resulting  in 
an  unique  field  shov/ing  non-homogenous  areas  contain^-ng 
coarse  crystals  markedly  segregated.   At  1100  degrees, 
tne  field  is  homogenous  and  contains  moderate  sized 
crystals,  wuiie  at  1160  degrees,  it  is  again  non-homo- 
ganous  and  shov;s  segregation,  tnougn  tne  stmcture 
is  not  30  coarse  as  at  1040  degrees.   121u  degrees  pre- 
sents a  fairly  nomogenous  tioid  witn  smaller  structure 
supposed  to  indicate  nardness.   I'he  photographs  here 
are  not  particularly  decisive.   Probabia  a  point  between 
1210  degrees  and  12Bu  degrees  ;;ould  be  designated  as  tne 
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bost  tamp  era  jure,  but  lluO  deT;ree3  also  shows  a  good 
s-Gructure. 

The  annoaled  spocimGn  of  nokord  shows  fairly  large 
crystals  in  a  rather  homogenous  i'ield.   92vj  degrees 
orings  a  rearrangement  resulting  in  a  lield  containing 
non-homogenous  areas,  vmicn  feature  persists  at  980  degrees, 
though  tne  crystals  are  fairly  small  here.   At  1l;40 
degrees  the  field  is  more  homogenous  but  shov/s  fairly 
marked  segregation  and  large  crystals,  which,  at  lluO 
degrees  have  become  small  and  are  close  set  into  a  homo- 
genous structure,  as  far  as  can  be  judged  from  the 
print  the  structure  at  116u  degrees  resembles  that  at 
lluO  degrees.   At  121u  degrees  there  is  a  coarse  lield 
with,  non-homogenous  areas  v;hiGh  features  are  more  em- 
phasized at  1280  degrees. 

It  is  remarked  that  none  of  the  prints  of  this  series 
snows  distinct  granular  struature.   -^he  best  structures 
seem  to  occur  at  lloO  to  1160  degrees. 

Heating  to  920  degrees  changes  tne  banded  structure 
of  annealed  ±slue  Chip  to  a  biamogenous  structure  of  fairly 
large  crystals  distributed  through  a  matrix.   Erom  920 
degrees  to  lo40  degrees  the  most  noticeable  change  is  a 
loss  of  homogeneity,   rrom  what  can  be  learned  from  the 
print  there  is  no  marked  segregation  at  lloO  degrees  but 
at  1160  degrees  large  cellular  grains  appear  and  the 
segregation  has  occurred  with  a  loss  of  homogeneity*   At 
1210  degrees  the  cellular  markings  are  not  seen,  but  at 
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l£uu  degrees  tnere  is  a  sligiit  reapperauoe  of  ohese 
markings. 

Some  desirable  characteristics,  as  judged  from  the 
photos,  appear  wnen  islue  onip  is  heated  to  lluO  degrees, 
wnile  it  is  apparently  hard  at  1160  degrees,  the  best 
temperature  probably  lying  between  these  two  points. 

'.Yhile  sufficient  v.'ork  haa  not  been  done  to  permit 
of  any  definite  statements,  it  is  noticed  that  a  change 
of  63  degrees  C.  is  the  temperature  to  which  a  chrome 
tungsten  nigh  speed  is  heated  prior  to  quenching  re- 
suits  in  a  marked  structure  change,  in  moat  cases.   It 
would  seenj,  therefore,  that  careful  investigation  should 
reveal  a  temperature,  unique  for  each  steel,  tnat  should 
oe  closely  adhered  to,  to  obtain  the  best  results,   it 
seems  worth  while  to  prove  or  disprove,  by  careful 
study,  tne  idea  tnat  a  temperature  i:or  neating  prior 
to  quencning  can  oe  louna  whicn  will  give  mucn  better  re- 
sults than  a  temperature  only  sligntly  aoove  or  belov/. 

It  is  believed  oy  tne  authors  that  aefinite  con- 
clusions could  be  arrived  at  by  studying  a  large  number 
of  specimens  by  making  a  number  of  physical  tests  - 
tensile,  transverse,  cutting  and  hardness  -  together 
with  the  taking  of  microphotographs.   In  this  way, 
sufficient  gereral  knowledge  might  be  acqiiiped  to  enable 
passing  accurate  judgment  on  other  specimens  solely 
xi-^j   examining  the  microphotographs.   The  indications  ob- 
tained in  the  work  done,  show  distinct  possibilities  oi 
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Obtaining  gooa  resutls  from  a  careful ,  tnorough  and 
lengthy  investigation  of  tne  proDlen. 

It  will  De  notea  tnat  there  is  an  inaiaation  that 
tne  best  temperature  for  heat  treating  is  nignest  in 
the  steels  containing  the  largest  per  cent  of  tungsten. 
This  may  or  may  not  be  coinciaence. 
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